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Bai nghién ciiu

iai bai toan ngugc mét chiéu phuong phap tham do tir tellua
bang thuat toan tién héa vi sai cai tién

TOM TAT

Bai béo gidi thieu 4p dung thuat toan tién hda vi sai cai tién (MDE) dugc phat trién tir thuat toan di
truyén (GA) dé giai bai toan ngugc tham do tir tellua (magnetotellurics, MT) mét chiéu. Thuat toén
da dugc thir nghiém trén cac mo hinh ly thuyét dia dién 3 16p tiéu biéu c6 dang K va dang H. Két
qua cho thay khi str dung mé hinh ban dau gém 3 16p dé nghich dao, cac thong s6 thu dugc vé
moi truong bén dudi gan nhu tring khép véi mé hinh ly thuyét da xay dung. Trong truong hop sé
I6p dua vao dé nghich dao nhiéu hon 3 16p (4 16p va 5 16p) két qua thu dugc cho thay van co su
phi hop t6t gitta cdu tric thu dugc va mé hinh ly thuyét. Thuat gidi mai nay da dugc st dung dé
nghich ddo mét chiéu (1D) s6 liéu MT do tai huyén C Chi, Thanh ph6 HO Chi Minh. Két qua cho
thay moi truong bén dudi dén dé sau 16 km la cdu trdc goém 3 16p: trén cung la [6p cé dién trd suat
bang 119 Q.m vai bé day khoang 760 m, & gitia la I6p co dién trd suat cao 4353 Q.m, day khoang
10 km, va ntia khéng gian bén dudi cé dién trd sudt 41,4 Q.m. Két qua nay hoan toan pht hgp véi
thong tin cau tric dia dién, thu dugc tir cac nghién cliu MT khac da thuc hién tai khu vuc khao sat,
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chiing t0 kha ndng &p dung thuc té ctia thuat toan tién hoa vi sai cai tién dugc st dung.
Tu khoa: tién hoa vi sai cai tién, tu tellua, bai todn nguaoc, cuc tiéu ham, cau trdc dia dién

GIGI THIEU

Giai bai todn ngugc hay nghich ddo trong dia vat ly la
xudt phat ti cc s6 liéu di thudng hay cic trudng vét
ly (thudng dugc do dac trén mit dat), tinh todn dé thu
dugc cac thong s6 hinh hoc (gom hinh dang, thé nam,
kich thudc, do sau) va tinh chét vét Iy nhu dién tré
sudt, khoéi lugng riéng, van téc truyén song... clia cac
d6i tugng nghién ctiu ndm bén dudi mit dat. Bai todn
ngugc thaim do MT, ciing nhu phén 16n cac bai toan
ngugc dia vat Iy khac, 13 loai bai toan phi tuyén tic 1a
cac thong s6 cua d6i tugng nghién ctiu khong c6 méi
lién hé tuyén tinh véi truong vét ly hay di thuong do
ching gay ra. Céch giai bai todn ngugc thong thudng
1a (thi dy trong') st dung mét md hinh ban dau vé
doi tugng nghién ctiu, sau d6 thong qua qua trinh lap
dé diéu chinh cic thong s6 ctia mo hinh sao cho sai s6
gitia s6 liéu tinh tit mo6 hinh va s6 liéu s6 quan sat dat
dén mot gia tri ngudng xac dinh hodc s6 1an ldp dat
dén mot s6 14n cho trude. Sai s6 gitia cac s6 liéu tinh
todn va quan sat dugc biéu dién bang mot ham sai s§
(thudng 13 ham phi tuyén) va viéc cyc tiéu ham nay
dugc thuc hién bing cach tuyén tinh hoa quanh mét
mo hinh ban d4u thong qua qua trinh ldp. Viéc tuyén
tinh héa bao gém tinh dao ham bac nhit theo cac
tham s6 m6 hinh d€ thu dugc ma trin Jacobi dung dé
cap nhat mo hinh sau méi 1an 1ap. Két qua nghich dao
theo cach giai truyén théng nay bi phu thuéc manh

vao viéc lua chon mo6 hinh xudt phat dung d€ nghich
dao. Tuy nhién viéc chon dugc md hinh xuét phat mot
cach phu hgp khong phii 1a diéu dé dang. Thém nita,
viéc tim kiém gid tri cuc tiéu ctia ham sai s6 bang cach
tuyén tinh héa c6 thé dan dén tim dugc cic cuc tiéu
dia phuong ma khong phai cyc tiéu toan cuc.

Trong nhiing ndm gin day, 16p cac bai todn tién héa
phong theo thuyét tién hoa sinh hoc ctia Darwin da
dugc nghién ctu va phét trién cho cac vin dé khoa
hoc va ky thuat néi chung va linh vuc dia vat ly néi
riéng (thi du trong luan 4n tién si vat ly ctia Luong
Phudc Toan do PGS. Ping Vin Liét va PGS. Trin
Vinh Tuan huéng dan?). Thuit toan tién hoa dugc
gi6i thiéu 1an d4u tién vao nam 1975 bdi tac gia Hol-
land®. Ngay nay né da dugc phét trién theo nhiéu
huéng, c6 thé ké dén mot s6 hudng chinh nhu di
truyén, bay dan (moé phong hanh vi tim kiém thtic dn
clia dan kién, dan ong...)*. Cic thuat toén tién hoéa
khong doi hdi phai tuyén tinh héa ham mo6 hinh va
khong dung céch tinh dao ham trong qua trinh tim
md hinh két qua. Uu diém ctia chiing 1a tim kiém cuc
tri toan cuc va giai quyét dugc cac bai toan c6 miic
do phi tuyén cao. Bai bao nay gidi thiéu viéc 4p dung
thuét todn tién hoa vi sai cai tién d€ giai bai todn ngugc
MT trudng hgp mét chiéu d6i véi mo hinh ly thuyét

va s0 liéu thuc té.

Trich dan bai bdo nay: Hung L V. Gidi bai toan ngugc mét chiéu phuong phap tham doé tu tellua
béang thuat toan tién héa vi sai cai tién . Sci. Tech. Dev. J. - Nat. Sci. 2023; 7(4):2795-2805.
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PHUGONG PHAP

Thuat toan tién héa vi sai cai tién (Modified
Differential Evolution, MDE)

Thuét todn tién hoa vi sai, gdbm 5 budc: khai tao, dot
bién, lai ghép, chon loc va hoi tu. (Differential Evolu-
tion, DE) do Storn va Price dé nghi nam 1997°. Viéc
céi tién thuét todn DE thanh thuat toAn MDE da dugc
thuc hién bai Son va dong nghiép®”.
nay da thuc hién cai tién & budc dot bién cta thuit
toan DE bang cach st dung hai kiéu dot bién rand/1
va best/1 dé tao vector dot bién thay vi chi st dung
mot kiéu dot bién rand/1 hodc best/1 nhu trong thuét
toan DE ban dau. Vi kiéu dot bién rand/1, thuit todn
manh vé tim kiém toan cuc, trong khi dot bién best/1,

Cac tac gia

thuat toan manh vé tim kiém cuc bo. Su cai tién nay
gitip cho sy tim kiém toan cuc va tim kiém cuc bo
trong thuét toin MDE tré nén can bang hon so véi
thuat toan DE. Trong thuét toan MDE, viéc ap dung
ki€u dot bién rand/1 dugc ap dung khi gia tri ngau
nhién trong thuét todn (phin bd déu trong pham vi
[0,1]) dugc tao ra c6 gia tri 16n hon 0,3; con néu gia
tri ngdu nhién trong thuét todn dugc tao ra nhé hon
hoéc bang 0,3 thi 4p dung kiéu dot bién best/1.

Néu ti 1¢ gitia 2 kiéu dot bién nay, rand/1 va best/1,
béng 7/3 thi sy tim kiém toan cuc va tim kiém cuc
bd dugc can bang, tuong ty nhu trongs. Mot su khac
biét niia gitia cac thuat toan MDE va DE la trong thuét
toan MDE hé s6 dot bién F va xac suét lai ghép CR
dugc tao mot cdch ngiu nhién chi khong 6 dinh nhu
trong thuét toan DE. Ma code clia cac thuét toan DE
va MDE dugc trinh bay chi tiét trong>®10.

Thuét todn MDE da dugc 14p trinh bang ngén ngi
Matlab bai H6 Hiiu Vinh véi tén goi: Matlab code "A
fast and efficient differential evolution for truss opti-
mization problems”®. Day la mot chuong trinh don
gian nhung rat hiéu qua véi tdc d6 hoi tu nhanh va cho
161 giai chinh xdc khi 4p dung d€ gii bai todn ngugc
1D phuong phép thaim do MT vé6i ham muc tiéu 1a
sai s6 can quan phuong (root mean square-rms) gitia
dién trg suét va pha cua s6 liéu quan st va tinh todn
dugc cho bdi cong thiic sau:

F— \/(pcal — Pobs + Peal — (Pobs)z
N

Trong do pps Va Qyps la cac gid tri dién trd sudt va pha
quan sat, P Va @y la céc gia tri dién trd sudt va pha
tinh tit mo6 hinh, N 1a s chu ki (hoéc tan s0).

KET QUA VA THAO LUAN
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Thir nghiém thuat toan MDE trén mé hinh li
thuyét

Muc nay trinh bay viéc st dung thuét toin MDE dé
giai bai toan ngugc 1D d6i v6i 2 mo hinh 1i thuyét tiéu
biéu trong tham do dién. Trudc tién can gii bai toan
thuan mot chiéu dé thu dudc cac s6 liéu dién trd suit
va pha ctia cic m6 hinh. Trong phuong phap MT, viéc
gidi bai toan thudn 1D d6i v6i moi trudng phén 16p
ngang gébm N 16p c6 thé dugc thuc hién dé dang nho
€6 san cdc cong thic tinh do céc tac gid nudc ngoai
cong bo. Bai bdo nay st dung cong thiic cua téc gia
Patella!! dé tinh todn bai toan thuan.

M6 hinh 1

MO0 hinh cdu tric dién trd sudt gom 3 16p c6 dang K
(K-type) trong thim do dién: 16p thd nhét cé dién
trg sudt 100 Q.m véi bé day 2 km; 16p thi 2 ¢6 dién
trd sudt 5000 Q.m véi bé day 8 km va 16p thi 3 1a ntia
khong gian bén duéi c6 dién trd sudt 50 Q.m (Bang 1).
MO hinh nay dugc xay dung dya theo ciu truc dién tré
sudt ctia khu viic Cti Chi theo két qua do MT 1213, Mo
hinh cting véi s6 liéu dién trd sudt va pha tinh tai 50
chu ky tit 1073 (s) dén 103 (s) phan b déu trén thang
logarith dugc trinh bay trong Hinh 1.

Thuét toan MDE dugc ép dung véi quin thé gém
50 ca thé, s6 14n 1dp 14 500, sai s6 cin quin phuong
(root mean square-rms) dé€ dung chay chuong trinh
1a 107%. Gi4 tri dién trd suét clia cdc 16p dugc cho
tim kiém la 1-10000 Q.m va bé day cac 16p dugc cho
tim kiém 1a 10-10 km. Chuong trinh dugc cho chay
tu dong véi s6 16p duge dat bang 3, 4 va 5. Két qua
dién trg sudt va bé day ctia cic 16p dugc trinh bay
trong Bang 1. Cac két qud nay cing véi cac gia tri
dién sufit va pha tinh todn tit moé hinh dugc biéu dién
trén Hinh 2. K&t qua cho thdy trong ca 3 truong hop
(s6 16p béng 3, 4 va 5), cac gid tri dién trd sudt va pha
tinh lai tit két qua nghich dao déu gan nhu trung véi
gia tri quan sat.

Ham muc tiéu (hay sai s rms gitia cac gid tri dién tr&
sudt va pha tinh lai tit m6 hinh nghich dao va gia tri
quan sét) theo s6 lan 1ap dugc trinh bay trén Hinh 3.
Két qua cho thdy d6i véi truong hop moé hinh nghich
d4o 316p (s6 16p chinh xdc nhu mo hinh ly thuyét), két
qué nghich ddo hoi tu déu dan va dén budc lap khoang
170 thi sai s6 rms gan nhu khong déi va dén budc lip
248 thi qua trinh lap két thuc. Lép trén cling va ntia
khong gian bén dudi cho két qua chinh xac nhu gid tri
md hinh, con 16p gitia két qua thu dugc 1a 5040,05 m
so v6i Iy thuyét 14 5000 m vi véy sai s6 tuong doi chi
0,8%. Nhu viy trong trudng hgp nay, khi s6 16p dua
vao nghich dao bing véi s6 16p mo hinh, thi két qua
nghich dao c6 thé xem la chinh xéc.



Tap chi Phdt trién Khoa hoc va Céng nghé - Khoa hoc Tu' nhién 2023, 7(4):2795-2805

1000

0 I;
2k
s
L ****
B * *ay
4 G 100%H Hk RN »¥ LI
% L X T LT T
S R T
!
7 J | i
= 10° 102 107" 100 10 102 10°
£ T(s)
o
3
e 12+ 90
75
4
80 AT -
< 4*"** “'*"‘*au*-r-qn
16 Eds **1****:***-&**,*' *,_
o . .
30 LETT &
18t
15
20 0 ‘ \ .
0 1 2 3 4 5 103 102 107" 10° 10" 102 10°
Log,, » (2.m) o)

Hinh 1: M6 hinh cau tric 3 16p dang K (phan bén trai) va cac dudng cong dién trd suat va pha tinh tir mé hinh.

Bang 1: Cac théng sé ciia mé hinh ly thuyét dang K va két qua thu dugc bang cach sit dung mé hinh ban dau
goém 3 16p, 416p va 5 16p

M6 hinh 1 Két qua nghich dao
316p 416p 516p
Dién Bé day (m) bién tr§ Béday(m) Dién tr& Béday(m) Dién trd Béday(m)
tré  suét suét (Q.m) sudt (Q.m) suét (Q.m)
(Q.m)
100 2000 100,00 2000,56 100,00 2001,12 100,00 1999,15
5000 8000 5040,05 7998,91 5104,35 5522,33 4810,74 4694,75
50 50,00 4790,92 2477,00 8521,54 851,58
50,00 4684,40 2453,87
50,00

Trudng hgp nghich ddo st dung mo hinh ban dau
gbm 4 16p va 5 16p, két qua cho thdy 16p trén cuing
va nuia khong gian bén duéi hoan toan triung khép
v6i gid tri ciia mo hinh ly thuyét. Déi véi trudng hop
nghich déo 4 16p, thi 2 16p & gitia thu dugc c6 dién trg
sudt va bé day gin tuong duong véil6p & gitia clia mo
hinh, va khi biéu dién 1én hinh vé (Hinh 2, phan bén
trai) két qua cho thiy ching gin nhu trung khit véi
mo hinh ly thuyét. Truong hop st dung mé hinh 5
16p d€ nghich dao, khi biéu dién két qua trén Hinh 2,
nhan thdy hai 16p trén ciing va hai 16p duéi cling gin
nhu triing v6i moé hinh ly thuyét con 16p & gitia c6 gia
tri 16n hon 2 16p sat n6 va bi nho ra. Quan sat cac
duong cong sai s6 trén hinh 3, c6 thé thiy ring d6i
v6i cac truong hop 4 16p va 5 16p thi qua trinh hoi tu
chim hon.

Két qua cho thdy d6i v6i mé hinh Iy thuyét, khi s6 16p
dua vao nghich déo ding bang s6 16p ctia m6 hinh

thi két qua thu dugc gin nhu chinh xdc, con khi s
16p dua vao nghich dao cang khéc so véi s6 16p thuc

t€ thi két qua bi sai 1éch nhiéu.

M6 hinh 2

M0 hinh nay la cdu tric dién tré sudt c6 dang H (H-
type) trong thdm do dién, gém 3 16p: 16p thi nhat co
dién trd sudt 300 Q.m véi bé day 200 m, 16p thit 2 cd
dién trd sudt 100 Q.m véi bé day 300 m va I6p thi 3 1a
nta khong gian bén dudi cé dién trd sudt 500 Q.m (
ang 2). M6 hinh nay dugc xay dung dua theo cu tric
dién tr& suit khu vigc Ca Chi thu dugc bing phuong
phap MT do & dai tin s cao ciia nhdm tac gia Pham
Vin Ngoc va nnk 14, Mo hinh cling véi s6 liéu dién tré
sudt va pha tinh tai 50 chu ky ti 1073 (s) dén 10! (s)
phan b6 déu trén thang logarith dugc trinh bay trén
Hinh 4.
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Hinh 2: Mé hinh cau truc 3 16p dang K va céac két qua thu dugc bang cach st dung 3 16p, 4 I6p va 5 I6p dé nghich
dao (phan bén trai) va cac dudng cong dién trd suat va pha tinh tir mé hinh va tinh tir két qua nghich dao.
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Hinh 3: Ham muc tiéu (sai s6) cGa cac thé t6t nhat trong méi lan 13p khi st dung 3 16p, 4 16p va 5 I6p dé nghich

dao

Thuét todan MDE dugc dp dung dé nghich dao s6 liéu
quan sat v6i quan thé gébm 50 ca thé, s6 1an lap 1a 500,
sai s6 can quan phuong d€ diing chay chuong trinh
12 107° tuong ty nhu d &p dung d6i véi M6 hinh 1.
Gid tri dién trd sudt ctia cic 16p bay gid dugc cho tim
kiém 1a 1-1000 Q.m, va bé day cac 16p dugc cho tim
kiém 13 10-1000 m. Chuong trinh da dugc chay ty
dong véi s6 16p duge dat 1an lugt bang 3, 4 va 5. Cac
két qua dién trd suit va bé day cac 16p dugc trinh bay
G ang 2. Cac cu tric thu dugce ti nghich ddo cung
vOi cac gid tri dién trd sudt va pha tinh lai ti ching
dugc biéu dién trén Hinh 5. Két qué cho thdy trong
cad 3 trudng hop (s6 16p béng 3, 4 va 5), cac dudng
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cong dién trd sudt va pha tinh lai ti két qua nghich
dao gin nhu trung véi gia tri quan sat tii mo hinh.
Két qua trong Bang 2 cho thdy trong ca 3 trudng hop
(m6 hinh nghich ddo 3, 4, va 516p), dién trs sudt va
bé day ctia 16p trén cung cling nhu dién trd sudt cta
ntia khong gian bén dudi dugc xdc dinh mot cach khd
chinh x4c. D6i véi mo hinh 3 16p thi cac thong s6 cta
16p gitia dugc xac dinh chinh xac, trong khi déi véi
cac mo hinh ¢6 s6 16p 16n hon thi cac 16p & gitia co
nhiing sai léch vé€ dién trd sudt va d¢ sau, tuy nhién vé
tong thé (Hinh 5) thi nhiing sai léch d6 cling khong

16n ma vé co ban van 1 cdu truc 3 16p.
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Hinh 4: M6 hinh cau tric 3 16p dang H (phan bén tréi) va cdc dudng cong dién trd suat va pha tinh ti mé hinh.

Sai s0 cdn quan phuong gitia cac gia tri dién trd sudt va
pha tinh lai tit m6 hinh nghich dao va gia tri quan sat
dugc trinh bay trén Hinh 6. D&i v6i mé hinh nghich
dao 316p, 416p va 516p, qua trinh nghich dao két thuc
tuong ting & budc lap 216, 386 va 500, cho thay khi mo
hinh ban d4u cang phtic tap thi qud trinh lip cang lau
hoi tu.

Hinh vé biéu dién két qué thu dugc (phin bén trdi
Hinh 5) cho thdy cdc m6 hinh nghich déo thu dugc
c6 dang gin gidng v6i mo hinh ly thuyét. Khi s6 16p
dua vao nghich déo ding bang s6 16p ctia m6 hinh
thi két qua thu dugc gan nhu chinh xac. Khi s6 16p
nghich dao béng 4 hodc 5 thi két qua thu dugc co su
sai léch v6i mo hinh ly thuyét. Tuy nhién nhiing khéc
biét d6 khong 16n va co thé chdp nhén dugc trong linh
viic dia vat Iy tham do.

Nhu vay, viéc thi nghiém trén cac mo6 hinh ly thuyét
c6 dang don gidn va tiéu biéu cta thim do dién trg
suét cho théy thuat todn MDE cho két qua tdt, c¢6 thé
dp dung d€ nghich dao s6 liéu thuc té.

Ap dung thuat toan MDE cho sé liéu thuc té
S8 liéu stt dung dé nghich ddo 1a s6 liéu dién tré suit
trung binh va pha trung binh ctia diém do MT C12,
thudc dia phan huyén Cu Chi, Thanh phd H6 Chi
Minh. Toa d6 cta diém do 1a 11°5,728 vi d6 Bac va
106°28,961” kinh dé Bdng, & do cao 22 m so véi muic
nudc bién. Day la mot di€ém do thudc tuyén MT Ca
Chi-Bén Cat dugc thuc hién vao nam 2007. Tuyén
do nay kéo dai khoang 15,5 km, gém 15 diém do, ki
hiéu tit CO1 dén C15. Két qua xti ly ctia tuyén do nay
da dugc cong bo trong mot s6 cong trinh nghién ctiu

trudc day'>!®. Trong cic cong trinh d6, diém C12

da dugc chon dé phan tich 1D nhdm nghién ctu dnh
hudng ctia dong dién xich dao d6i véi s6 liéu dién tu
trong khu vuc khéo sat. Két qua cho thdy trong khu
vic khao sat, cac sd liéu dién ti cé chu ki 16n hon
khodang 5 s bi dnh hudng boi dong dién xich dao. Do
d6 cac s6 liéu do dac & trong dai chu ki 0,0127-4,8 s
ctia diém Cl12 da dugc st dung d€ nghich ddo nhim
thu duoc cdu tric dia dién cta khu vic Ca Chi va thu
dugc két qua la ciu tric gém 3 16p: 16p dién trd sudt
thdp & trén cung, 16p dién trd sudt cao § gitia va duédi
cung la 16p dién trg sudt thép.

Trong bai béo nay, s6 liéu st dung dé€ phan tich 1D 1a
cdc gia tri trung binh nhan cua dién trd sudt va pha
ctia di€ém C12:

P = \/Pxy-Pyx
P =/ Pxy-Pyx

trong d6 Pxy, Pyx VA Qxy, @y 12 dién trd sudt va pha
theo cac hudng vudng géc v6i nhau. Cac dusong cong
dién trd sudt va pha trung binh cta diém C12 dugc
biéu dién trén Hinh 7.

Trudc tién, mot mo hinh dia dién ban dau gom 3 16p
da dugc st dung dé€ tim kiém 16i giai t6i uu cta bai
todn. Pham vi tim kiém d6i véi dién trd sudt ctia cac
16p tui trén xudng 1an lugt trong cac khoang (1-1000
Q.m), (1-10000 .m) va (1-1000 Q.m). Bé day ctia
16p trén cung va l6p gitia lan lugt dugc cho tim kiém
trong khoang (100-10000 m), (100-20000 m), con
dudi cung la ntia khong gian dong nhat. Chuong
trinh nghich ddo st dung thuét toan MDE da dugc
ap dung vé6i quin thé gdom 50 ca thé, sai s6 rms dé
diing chay chuong trinh 14 10~ giéng nhu d4 4p dung
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Bang 2: Cac théng s& ctia mé hinh ly thuyét dang H va két qua thu dugc bing cach sit dung mé hinh ban dau

gom 3 16p, 4 16p va 516p.

Mo hinh 2 Két qua nghich dao
316p 416p 516p
Dién Bé day (m) bién tr§ Béday(m) Dién tr6& Béday(m) Dién tr§ Béday(m)
tré suét sudt (Q.m) sudt (Q.m) sudt (Q.m)
(Q.m)
300 200 302,30 197,72 302,28 197,76 301,71 198,34
100 300 100,78 304,11 100,77 302,75 100,55 300,45
500 500,10 331,17 10,00 450,74 157,82
500,10 585,68 50,38
499,97
0
0.1 4 S00F ]
0.2 1 5
-;s 200 * Model
0.3 1 3layers
4layers.
L 5 layers. i
04 10 | :
x 10 1072 107 10°
£05 1 T(s)
&
[N 90
75
07 1 _eof -
0.8 1 E45 mw
o
- = Model 30} [ % Model |
0.9 3 ::;:2 4 3layers
S loyers Br sioyers) |
1 : . : 0 :
0 1 2 3 4 5 10 102 107 10°
Lo:og10 p (£2.m) T(s)

Hinh 5: M6 hinh cau tric 3 16p dang H va cac két qua thu dugc bang cach st dung 3 16p, 4 I8p va 5 |6p dé nghich
dao (phan bén trai) va cac dudng cong dién trd suat va pha tinh ti mé hinh va tinh tir két qua nghich dao.

d6i v6i cac mo6 hinh 1i thuyét da trinh bay & trén. Vi
cac khoang tim kiém dugc dat kha rong nén viéc tim
kiém t6n nhiéu thoi gian, do d6 s6 lan ldp téi da duge
dat bang 10000. Mdy tinh st dung dé€ chay chuong
trinh 14 mdy tinh ban cai Window 11 véi b vi xti li
i5-11400F, RAM 16 Gb. Chuong trinh chay xong sau
930,81 s ( khoang 15,5 phit ). Sai s6 rms theo s6 lan
lip dugc biéu dién bing dudng mau do trén Hinh 8.
C6 thé nhén thiy xu huéng chung 1a cac sai s6 gidm
dan theo s6 lan lap, chiing t6 sy hoi tu ctia qud trinh
ldp. Tai cic budc ldp thit 7140 dén 7379 sai s6 giam
nhanh theo s6 14n lip, sau d6 sai s6 c6 gid tri bing
5.107> va khong giam nita. Bing cach vé s6 liéu dién
tré sudt va pha tinh ti két qua nghich dao va s6 liéu
quan sat trén cting hinh vé dé ddnh gia mutc d6 phu
hop ctia két qué nghich dao, thi thdy rang tu budc lip
thit 7290 s6 liéu tinh lai tit két qua nghich ddo da gan
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nhu trung véi s6 liéu quan sat. T budce lip 7379 tré
di cc thong s6 mo hinh thay d6i it, khong dang ké.
Cac thong s6 mo hinh tai budc lap thi 10000 (1an lap
cudi cung) dugc trinh bay & Bang 3, cho théy 16p trén
cung day 760 m c6 dién trd suit bang 119 Q.m, 16p
gitia day khoang 10 km, c6 dién trg suit bing 4353
Q.m, va ntia khong gian bén dudi cé dién trg suat 41,3
Q.m. Céu truc dia dién cung véi s6 liéu quan sat va
s0 liéu tinh todn tu cdu tric nay dugc trinh bay trén
Hinh 9, c6 thé thiy s6 liéu quan sat va sg liéu tinh todn
hoan toan chong khit v6i nhau.

Tiép theo, m6 hinh ban dau géom 4 16p dugc sti dung
dé nghich ddo. Tu két qua nghich dao dung 3 16p
& trén ta da biét so bo gid tri dién trd suit cua ciu
tric bén dudi mat d4t nén pham vi tim kiém doéi véi
dién trd sudt ctia cac 16p luc nay dugc thu hep b6t dé
gidm thoi gian tinh toan. Cu thé, pham vi tim kiém
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Hinh 6: Ham muc tiéu (sai s6) cGa cac thé tét nhat trong méi lan 13p khi st dung 3 16p, 4 16p va 5 I16p dé nghich

dao
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Hinh 7: Cac dudng cong dién trg suat biéu kién trung binh va pha trung binh cta diém do C12

Bang 3: Cac khodng tim kiém ctia cac théng s6 mé hinh 3 16p ban dau va két qua nghich dao thu dugc

Lép Khoang gia tri ciia m6 hinh3 I6p ban dau Két qua nghich déo 3 16p
Dién trd sudt (Q.m) Bé day (km) Dién trg sudt (Q.m) Bé day (km)
1 1-1000 0,1-10 119,04 0,760
2 1-100000 0,1-20 4352,99 9,999
3 1-1000 = 41,30 =
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Hinh 8: Ham muc tiéu (sai s6 rms) clia ca thé t&t nhat trong méi lan I3p khi st dung cdc mé hinh 3 16p va 4 16p dé

nghich dao

dién trd sudt cia cac 16p tii trén xudng lan lugt 1a cac
khoang (100 - 150 .m), (2000 - 6000 £.m), (10 - 100
Q.m) va (10 - 100 Q.m). Bé day ctia I6p trén cung va
16p gitia 14n lugt dugc cho tim kiém trong cac khoang
(500 - 1000 m), (8000 - 12000 m), (6000 - 10000 m)
va dudi cung la nia khong gian dong nhat. Chuong
trinh nghich ddo dung thuét toan MDE da dugc ap
dung v6i quan thé gom 50 cd thé, sai s6 rms d€ dung
chay chuong trinh 1a 1076 nhu da 4p dung & trén. S§
lan ldp dugc dit bing 6000. Chuong trinh tinh todn
két thic sau 571,72 s ( khoang 9,5 phut). Sai s6 rms
theo s6 lan 1ap dugc biéu dién bing dudng mau xanh
trén Hinh 8. Tai cdc budc ldp tu 3293 dén 3439 sai
s6 giam nhanh theo s6 1an ldp, sau d6 sai s6 co gid
tri bing 3.1073 va khong giam nita. Bing cich vé s8
liéu dién trd sudt va pha tinh ti két qua nghich dao
va s6 liéu quan sat trén cting hinh vé thi thdy rang tu
budc lap khoang 1600 trs di thi s6 liéu tinh lai tir két
qua nghich dao da gan nhu trung véi s6 liéu quan sét,
tuy nhién céc thong s6 mé hinh két qué van con thay
d6i. T budclap 3461 cho dénlan ldp cudi cung (bang
6000) thi cdc thong s6 mo hinh thay déi rét it, khong
dang ké. Cac thong s6 mo hinh tai budc ldp thd 6000
dugc trinh bay & ang 4. Co thé thiy cic thong s6 cua
cdu trac 4 16p nay thuc chat la cdu truc 3 16p, vi 2 16p
cudi ¢ gid tri dién trd suit gin nhu bang nhau, va
mo hinh 3 16p nay gan nhu trung véi mé hinh 3 16p
da thu dugc & trén, ngoai trii 16p dién trd suit cao &
gitia ctia 2 mo hinh c6 chénh léch nhau chut it (4343
Q.m so véi 4353 Q.m, tuong duong sai s6 tuong doi
0,2%). Cau tric dia dién cung vdi s6 liéu quan sat va
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s6 liéu tinh todn tli cdu truc nay dugc trinh bay trén
Hinh 9. Trén hinh vé nay c6 thé thiy cic moé hinh 3
16p va 4 16p gén nhu trung nhau, con s6 liéu tinh tu
md hinh hoan toan khép véi s6 liéu quan sat.

Két qua thu dugc vé ciu tric dién trd sudt caa diém
C12 tai khu vyc Cu Chi thu dugc béng thuat toan
MDE trong bai bdo nay pht hgp véi cic két qua da
cong bé trude day! vé s6 16p ciing nhu vé dién tré
sudt va bé day ctia tiing 16p. Do d6 chiing to hiéu qua
ctia thuét toan MDE trong viéc nghich dao 1D s6 liéu
MT.

KET LUAN

Thuét todAn MDE la mot thuét todn t6i uu toan cuc
da dp dung thanh cong trong cac bai todn co ky thuét
nhu tao dang di cho robot®!°, t6i uu dim trong xay
dung 10 giéu khién robot®’. Viéc thu nghiém thuét
toan nay cho bai toan nghich ddo mot chiéu phuong
phdp MT déi véi s6 liéu md hinh va s6 liéu thuc t€
cho thdy két qua t6t. Do d6 hoan toan c6 thé dp dung
thuét toan nay cho viéc giai bai toan ngugc MT trong
céc trudng hgp phtic tap hon, ching han trudng hop
modi trudng bén dudi gom nhiéu 16p, hodc moi trudng
6 tinh chét 2D... Day sé 1a nhiing cht d¢ ma ching
toi hudng téi trong cac cong trinh nghién ctiu sau.

LO1 CAM ON

Tac gia chin thanh cam on TS. Tran Thién Hué4n vé
nhting thdo ludn bé ich trong qua trinh dung thuét
todn vi sai cai tién dé€ tinh todn va ThS. Nguyén Vin
Thudn da giup chinh stia hoan thién bai bao.
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Hinh 9: Két qua thu dugc bang céach sirdung 3 I6p va 4 16p dé€ nghich dao (phan bén trai) va cac dudng cong dién
trd sudt va pha quan sat va tinh lai tir két qua nghich dao cta diém C12.

Bang 4: Cac khoang tim kiém ctia cac théng sé mé hinh 4 16p ban dau va két qua mé hinh thu dugc tir nghich dao

Lép Khoang gia tri ctia m6 hinh 4 16p ban dau
Dién trg suit (Q.m) Bé day (km)

1 1-1000 0,1-10

2 1-100000 0,1-20

3 1-1000 0,1-10

4 1-1000 -

Két quéa nghich dao 4 16p

Dién trd sudt (Q.m) Bé day (km)
118,97 0,759
4343,90 10,000
41,29 0,794

41,28 -

DANH MUC CAC TU VIET TAT

MT: Magnetotellurics — Tham do tu tellua (Truong
dién tit)

MDE: Modified Differential Evolution — Thuét todn
tién hoa vi sai cai tién

GA: Gene Algorithm - Thuit toan di truyén

DE : Differential Evolution - Thuat todn tién hoa vi sai
1D: One-Dimensional - 1 chiéu

2D: Two-Dimensional - 2 chiéu

XUNG POT LOlIiCH

Tac gié tuyén b6 rang khong c6 xung dot lgi ich.

DPONG GOP CUA TAC GIA

Tac gia Luu Viét Hung xdy dung cdc mo hinh ly
thuyét, xt 1y s6 liéu thuc té, vé hinh va viét ban thao.
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One-dimensional magnetotelluric inversion by modified
differential evolution algorithm

Luu Viet Hung”

ABSTRACT

Traditional methods of solving geophysical inverse problems often used an initial structural model
and an iterative process to find solutions. During each iteration, the model was linearized and
updated, then the error between the model's response and the observed data were calculated
and minimized. The inverse results solved by this method were often strongly dependent on the
initial model choice, and the minimum of the objective function found could be the local value but
not the global minimum. Global search methods such as genetic algorithm (GA) overcame these
limitations of traditional solutions. This paper presented the application of modified differential
evolution (MDE) algorithm which was developed from the genetic algorithm, to one-dimension
(1D) magnetotelluric inversion. The algorithm had been used to invert two 3-layer geoelectrical
models. The results showed that when using a 3-layer model for inversion, the obtained parameters
of the subsurface almost coincided with those of the theoretical models. In the case the number of
layers used for inversion had more than three layers (four layers and five layers), the obtained results
showed that there was still a good agreement between the inverted structure and the theoretical
model. Therefore, the algorithm was applied to one-dimensional (1D) inversion for data of one
magnetotelluric station measured at Cu Chi district, Ho Chi Minh city. The results showed that the
subsurface structure down to a depth of 16 km consisted of 3 layers: the top layer had a resistivity
of 119 Q.m with a thickness of about 760 m, the middle resistive layer with a resistivity of 4353
Q.m with about 10 km thickness, and the lower half-space with a relatively low resistivity of 41.4
Q.m. This result was consistent with the geoelectric structure information obtained from other
magnetotelluric studies carried out in the studied area, demonstrating the practical applicability of
the improved differential evolution algorithm.

Key words: IDE algorithm, magnetotelluric, 1D inversion, optimization problem, geoelectric
structure
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	Áp dụng thuật toán MDE cho số liệu thực tế
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